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Gallium/aluminum interdiffusion between n-GaN and sapphire
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The distribution profiles of Ga and Al near the interface of th&aN/sapphire system were
measured by x-ray energy dispersive spectroscOfDS). The results are obtained by the
corrected XED spectra. First, the gallium diffusing into the sapphire substrate obeys the law of
remainder probability function. The gallium diffusion coefficiddg,=2.30x 10 3 cn? st was
calculated by theoretical fitting. Second, the diffusion is associated with the GaN growth process at
high temperature. Compared to the diffusion of Ga into the sapphire substrate, much less Al
antidiffusion from the substrate to the GaN film, with diffusion coefficibnt approximately equal

to 4.8x10 ¥ cn? s™1, was observed in the film. €998 American Institute of Physics.
[S0021-89708)00116-9

[I-V nitride semiconductors, such as GaN, have greathe buffer layer was approximately 300 A. The substrate
physical hardness, extremely large heterojunction offsetdemperature was elevated to 1020 °C for growing the GaN
high thermal conductivity, and high melting temperathite.  films. During the deposition, the flow rates of Nend TMG
the late 1980’s there was only modest interest in [lI-V ma-in the main flow were maintained at 4 I/min and génol/
terials, but since then the field has been revolutionized bynin, respectively. The flow rates of,tdnd N, in the subflow
successes in fabricating blue light-emitting diodes fromwere both maintained at 10 I/min. The GaN films were
GaN/InGaN??® In this area, there has recently been greagrown for 1 h. The thickness of the films were 2 The
progress in the crystal quality-type control, and growth electron concentrations of the undopedsaN films were
method of GaN film$§:® about 8< 107 cm™3, the electron mobilities around 150 ém

GaN films grown on sapphire substrates by metalorgani¢V s)~*, and the resistivity about>810-2 Q cm, at room
chemical vapor depositiofMOCVD) have been widely used temperature.
in industrial processes. Two-flow MOCVD is one of the The distribution profile of Ga and Al near the interface
most successful methods used in producfibhlp to now, a  of then-GaN/sapphire system was measured by x-ray energy
vast number of reports on the studies of film's electrical dispersive spectroscogXEDS). This was achieved by scan-
chemical, and growth thermodynamical characteristics havging the cleaved cross section perpendicular to the plane of
been madebut very little attention has been paid to diffu- the interface. The electron beam of the apparatus of diameter
sion properties near the interface of the GaN film and thearound 100 A was incident normally on this cross section.
sapphire substrate except only one surface diffusion study ofhe desired interface profile scanning was carried out by
GaN hexagonal pyramids on a dot-patterned GaN/sapphiréarying the position of this electron beam in the direction
system'® The aim of this communication is to report the normal to the interface. The actual position of the measure-
study of bulk diffusion characteristics, such as interdiffusionment was located by a scanning electron microme&m).
near the interface and to hopefully stimulate further interesfhe XEDS and the SEM are fitted together with an electron
in this kind of study, which will be beneficial to the improve- microprobe analysis systefproduced by Cambridge Qo.
ment of both growth technology and crystal film quality. ~ XEDS is a well-known method which has been widely used

Undoped n-GaN films were grown by the two-flow in element analysi§t The reason that the characteristic x-ray
MOCVD method. The growth was conducted at atmospheridntensities are, to a first approximation, proportional to mass
pressure. Sapphire witll0001) orientation, 1< 10 mnf, concentration(whereas atomic concentration might appear
were used as substrates. TrimethylgalligfiMG) and am-  more reasonablés related to the fact that incident electrons
monia (NH) were used as Ga and N sources, respectivelypenetrate an approximately constant mass in materials of dif-
First the substrates were heated to 1050 °C in a stream d&€rent composition. This is because these electrons lose their
hydrogen. The substrate temperature was then lowered #netic energy mainly through interactions with orbital elec-

510 °C for growing the GaN buffer layer. The thickness oftrons of the target atoms, the number of which is approxi-
mately proportional to atomic mass. The depth distribution

XED spectra of Ga and Al near the interface are shown in
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» T r - ' C=C'(FIF,), )

«Ga(Loy,LB)) . . . .
Al (Koq,lKB,) (a) whereC is the true mass concentration in the specimen and

[‘_A“(M“‘) C’ is the uncorrected concentration of each element. The
i : phenomena upon which matrix corrections depend @re:
{ Ga (Kou) absorption of characteristic x-rays emerging from the speci-
o men; (2) enhancement of the characteristic x-ray intensity
! due to fluorescence by other lines and continu@pjoss of
ANLoy) . . . .. .
k 1 x-ray intensity owing to incident electrons being backscat-
\

i (gaB) tered out of the specimen; aifd) variation in the efficiency
1

4 | of x-ray production, as governed by the stopping power of
v / &’V\ the specimelta function of atomic numbgrThe effects may

' be represented by different factors, namély,(absorption,
(b) F, (backscattering F; (flu.ores.cen.c)-:‘ and F, (stopping
powen. The overall correctiorf is given by the product of
these individual factors:

F=FaF(FuFs. ©

The combined backscattering and stopping power correc-
tions [both of which are dependent on atomic numay],
together with the absorptia\) and fluorescencé) factors,
comprise the ZAF correctiotf. There are five elements with
high concentration, such as Ga, Al, Au, N, and O, in our
system. The relative ZAF corrections and intensities are
(¢) shown in Table I.

The aim of our study is to find a diffusion law based on
the experimental results. Ricestudied in detail the impuri-
ties from the growing semiconductor film diffusing into a
semi-infinite substrate, from which the growing velocity is
considered as an item in the diffusion equation based on

Fick’s second law* However, our case is somewhat differ-
AL ; Lf\ﬁ ent: (1) Our samples are undope@) There is a very large
. ; — Ga concentration, which is close to the mole concentration of
GaN, in the substrate near the interfa¢®. Our MOCVD
(d) growing velocity is 400 A/min and is likely to be much
greater than that of the diffusion velocity. Therefore, some
information can be obtained from the above reas¢bsthe
diffusion source seems to be GaN itself rather than an impu-
1 rity; and (2) the growing velocity is large enough, so that the
] concentration of the diffusion source maintains a constant
‘l value. Thus, our case becomes one of diffusion from a source
with a constant concentration into a semi-infinite substrate.

X-ray Energy Dispersive Spectra, relative units

}\} ) M\, | The diffusion equation is then given by Fick’s second law:
3 v ,- \" x{
00 20 40 60 80 100 gc__d%c

Energy (KV) 2Pl 3

FIG. 1. XED spectra of Ga and Al at different depths near the interface O%hereD is the diffusion coefficient and is concentration
the GaN/sapphire system. The sample lateral faces were deposited with a ’

A gold film to prevent charge buildup. The actual position of measurement The boyndgry Conqlt'on is that of Gar Ga'_\b diffusion
was located by SEMa) is in the GaN film at a distance of 0.5from the  into a semi-infinite solid AIO;. We can consider that the
interface.(b), (c), and(d) are spectra _for the sapphire s_ubstrate at disFances;;omposition is initially uniform; at time zero, the interface
_of Q.15, 0.70, and 1.4Q« from the interface, respectively. Dotted lines concentration iSCS and remains constant during the whole
indicate the real peaks.
process. Ift equals zero at=0 andc equalsC at x=0, the
distribution of material at some later time is given by

and the concentration of the element concerned depends on C—Cqy 2 (2Dt
the composition of the sample. “Matrix correction$® are C—C =1- \/_—

. . . . S 0 a JO
used to convert sample/standard intensity ratios into concen-
trations. This is obtained by multiplying the specimen inten-wheret is the diffusion time. In our cas&,=0, so Eq.(4)
sity by a factorF and the standard intensity ¥y, . can be written as

e M, (4

Downloaded 13 Nov 2006 to 147.8.21.97. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



2357

J. Appl. Phys., Vol. 84, No. 4, 15 August 1998 Fung et al.

TABLE I. Relative and corrected intensities of Ga and Al in different depths of the GaN/sapphire system.

Elements Ga Al
ZAF 0.87 6.97
Relative intensig® 005 0.5 0.70 140 -005 015 070 140
(K=X) 110 077 044 0.25 006 015 064  1.35
Corrected intensify 43 165 0085 0.023 040 100 100  1.00

(K=X)

@Upper row indicates the values of different depthahich takes the interface as=0, the point in the film is
negative value, and ones in the substrate are positive value; where the unit is micrometehasdare
+0.025 at all points.

PLower row indicates relative intensities at different depths.

“This row shows the corrected relative concentrations of Ga and Al at different depths, where the Al concen-
tration in sapphire is normalized to 1.00bars are+0.03 atx=-0.05, 0.15, 0.70, anc:0.02x=1.40.

C(x)

x/2\Dt
J e‘xzd)\)
0

cr-2
ARNE:

X
=C4 1—eff , 5
Jimed ) g
where 1-erff) is called the remainder probability

function®* If we take C4(Ga)=0.93 (Al concentration in
the substrate 1.0, see Table)1 C,(Al) =1.0, andt=3600 s

in the calculation, then the diffusion coefficient of Ga in
sapphireDg,=2.30x 10 ¥ cn?s ! and that of Al in GaN
D ~4.8x10 ® cn? s would give the best fitting for the
experimental resultésee Fig. 2

In fact, the theoretical concentration ratio of Ga to Al is «10 B cmP s

concentration ratio compares very well with the experimental
result of 0.94. Therefore, the main diffusion source is prob-
ably GaN rather than Ga atoms. Recently, Shimstal®
reported their secondary-ion mass spectroscopy results of the
InGaN/GaN/sapphire system, in which the curves of Ga and
N diffusing into the sapphire are almost parallel to each
other. This also confirms that at high growth temperature, the
processes of diffusion and growth occur at the same time.

In conclusion, from the XEDS measurements of the dis-
tributions of Ga and Al near the interface of timeGaN/
sapphire system, several results have been obtained from the
corrected XEDS data. First, the gallium diffusing into the
sapphire substrate obeys the law of the remainder probability
function. The gallium diffusion coefficientD;,=2.30
is calculated by theoretical fitting. Second,

0.937 assuming that there are not many vacancies in the Gale diffusion source is GaN grown at high temperature.

film and the sapphire substrate. This is based on the fact th

the Al concentration in AlO; is 4.7x 10?2 cm ™2 and the Ga
concentration in GaN is 4x10%2 cm™3. This theoretical
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@ompared to the diffusion of Ga into the substrate, much less
aluminum antidiffusion was observed in the GaN film with a
diffusion coefficient D, approximately equal to 4.8
x10 B e st
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